Chemical investigation of the stem bark of Saraca indica has resulted in the isolation of a new lignan glycoside, saracoside, along with four known lignan glycosides lyoniside, icariside E 3 , (+)5'methoxyisolarciresinol-9'-O-β-D-glucopyranoside and nudiposide, and a phenolic glucopyranoside, 3,4,5trimethoxyphenyl-β-D-glucopyranoside, which has been isolated for the first time from this species. The isolated lignan glycosides exhibit potent DNA topoisomerase IB inhibitory activity.
Lignans are an important class of dimeric phenyl propanoids, widely distributed in many plants, many of which have phytoestrogenic [1] , cytotoxic [2] , antiangiogenic [3] , antiviral [4] , antifungal [5] , hypolipidemic [6] , and anti rheumatic activity [7] , as well as being selective inhibitors of phosphodiesterase IV and V and 5-lipoxygenase [8] . The most important example is podophyllotoxin, an antimitotic lignan that binds to tubulin, but its antitumor activity is due to inhibition of DNA topoisomarase II [9] . In the present study we investigated the inhibitory activities of DNA topoisomerase IB by lignans isolated from Saraca indica (ashoka), which is one of the most legendary and sacred trees of India. An aqueous extract has been found to enhance the life span of mice infected with Ehrlich ascites carcinoma and reduce the weight of S180 tumor [10] . A number of lignan glycosides and flavonoids were previously isolated from this plant [11] . We report herein the isolation, structure elucidation and potent DNA topoisomerase IB inhibitory activities of a new lignan glycoside, saracoside (3), along with four known lignan glycosides, lyoniside (1), icariside E 3 (2), (+) 5'-methoxy-isolarciresinol-9'-O-β-D-glucopyranoside (4) and nudiposide (5) , and 3,4,5-trimethoxyphenyl-β-D-glucopyranoside (6) , which is reported for the first time from this species.
The dried stem bark of S.indica was successively extracted with light petroleum (60°-80°C), ethyl acetate and methanol. Lignans (1-5) and the phenolic glucoside 6 were isolated by repeated silica gel chromatography and subsequent column chromatography on Sephadex LH20 of the methanolic extract of the plant. Saracoside (3), an amorphous solid, displayed a quasimolecular ion peak at m/z 515, ascribable to [M+ Na] + . The IR spectrum showed absorptions at 3394 (OH) and 1608 cm -1 (aromatic). The 1 H NMR spectrum exhibited signals for two methoxyl groups, five aromatic protons and an anomeric proton. The 13 C NMR spectrum showed signals for two methoxyl carbons, four methylene carbons, twelve methine carbons and seven quaternary carbons.The 1 H NMR and 13 C NMR spectroscopic data showed the presence of a glycosyl unit from the anomeric proton signal at δ 4.0 (d, J = 7.2 Hz) and the corresponding carbon signal at δ 104.86. The presence of a β-xylopyranosyl moiety in compound 3 was evident from the excellent correlation of the 13 C values of xylose carbon atoms with those of isolated known lignan glycosides like lyoniside (1) and nudiposide (5) [11] . Evidence for an aryltetralin type A ring came from the observed HMBC correlations of H-6 with C-2, C-4 and C-5, and H-3 with C-1, C-4, C-5 and C-7'. The triplet for H-7 showed cross peaks with signals for the hydroxymethylene carbon C-9 (δ 65.54) and at C-8' (δ 45.69); on the other hand, H-7' showed correlations with C-8 (δ 40.79) and C-9' (δ 70.40) pointing to branching at C-8 and C-8' in the B-ring. The C ring was suggested by the cross peaks of H-2' with C-6', C-4' and C-7', and H-6' with C-2', C-4' and C-7'. Two methoxyl groups were linked to C-5 and C-3' based on the long range correlations of the methoxyl protons spectrum which showed a negative Cotton effect at 239 and 276 nm, identical with that of nudiposide (5) [12] .
The effect of the isolated lignans from S. indica on the unusual bisubunit type IB topoisomerase of L. donovani (LdTOP1LS) was examined by plasmid relaxation assays. The relaxation assays were carried out under standard assay conditions where the plasmid DNA and the enzyme were present at a molar ratio of 3:1. Under this condition, in the absence of any inhibitor, LdTOP1LS relaxes supercoiled plasmid DNA completely after 30 min of incubation. Screening SI-1, SI-2, SI-3 and SI-4 showed total inhibition at 100 M ( Fig 3A, lanes 7, 11, 15 and 19, respectively) under simultaneous assay conditions. The inhibition increased in a dose dependent fashion for all the four lignans ( Figure 3A, lanes 4-7 for  SI-1, lanes 8-11 for SI-2 lanes, lanes 12-15 for SI-3 and lanes 16-19  for SI-4) . At a 50 M concentration of SI-1 and SI-4 almost 98% inhibition was achieved ( Figure 3A , lane 6 for SI-1 and lane 18 for SI-4), but for SI-2 and SI-3 the inhibitions were only to the extent of 94% and 84% at 50 M concentration ( Figure 3A , lane 10 for SI-2 and lane 14 for SI-3). The percentage of relaxation inhibition was plotted against the concentration of the compounds for both simultaneous and preincubation assay conditions ( Fig 3B) . All the graphs were fitted using a sigmoidal dose-response (variable slope model) in Graph Pad Prism version 5.0.
Experimental

General experimental procedures:
TLC was carried out on silica gel 60 F 254 (Merck) plates and compounds were visualized by spraying with Liebermann-Buchard reagent followed by heating at 120°C. Column chromatography was performed on silica gel mesh 100-200 (Merck). The mass spectrum was recorded on a Q-TOF-Micro mass spectrometer. 1 H NMR and 13 C NMR spectra were recorded using a BRUKER AVANCE 600 MHz NMR spectrometer with a TLC-cry probe, using TMS as internal standard. The IR spectrum was recorded in a KBr pellet on a JASCO FT-IR Model 140. Optical rotation was recorded at 25°C with a P-1020 JASCO polarimeter. A CD spectrum was recorded using a JASCO J815 CD spectrometer. UV spectra were recorded with a UV1700 PHARMA SPEC UV-Vis spectrophotometer (SHIMADZU).
Data are presented as follows: Chemical shift (in ppm on the δ scale relative to δ TMS = 0), multiplicity (s = singlet, d = doublet, t = triplet, q = quartet, m -multiplet, br. = broad), coupling constant (J/Hz). 1 H NMR and 13 C NMR spectra were recorded at 600 MHz and 150 MHz, respectively.
Plant material:
The stem bark of Saraca indica L. was collected from the suburbs of Kolkata in January 2011 and identified at the Indian Botanical Garden, Howrah, India. A voucher specimen (No. 346) has been deposited at the chemistry division of this institute.
Extraction and isolation:
The air dried powdered stem bark of S. indica (3 Kg) was subjected to percolation with light petroleum (60°-120°C), ethyl acetate, and methanol, respectively at room temperature. The methanolic extract (20 g) obtained after evaporation of solvent in vacuo was column chromatographed over silica gel (100-200 mesh). Gradient elution was carried out with chloroform, followed by various mixtures of chloroform-methanol (2%, 5%, 10%, 12%, 15%, 20% and 30%). A total of 180 fractions (each 200 mL) were collected and those giving similar spots on TLC were combined. Fractions 120-140, eluted with 15% methanol in chloroform, were repeatedly chromatographed on a Sephadex LH20 column eluted with water and methanol (5%, 10%, 20% methanol in water), which resulted in the isolation of lyoniside (1; 10 mg), icariside E 3 (2; 7 mg), saracoside (3; 8 mg), 5'methoxy isolarciresinol-9'-O-β-D-glucopyranoside (4; 12 mg), nudiposide (5; 5 mg), and 3,4,5-trimethoxyphenyl-β-D-glucopyranoside (6; 10 mg). 
Plasmid relaxation assay:
The type I DNA topoisomerases were assayed by decreased mobility of the relaxed isomers of supercoiled pBS (SK + ) [pBluescript (SK + )] DNA in agarose gel. The relaxation assay was carried out as described previously with LdTOP1LS [13] and HTOP91, serially diluted in the relaxation buffer (25 mM Tris-HCl, pH 7.5, 5% glycerol, 0.5 mM DTT, 10 mM MgCl 2 , 50 mM KCl, 25 mM EDTA and 150 g/mL BSA) and super coiled plasmid pBS (SK + ) DNA (85-95% were negatively supercoiled, with remainder being nicked circles). The reconstituted enzyme LdTOP1LS was assayed at 50 mM KCl concentration. For all kinetic studies, the reaction mixtures containing the buffer and DNA were heated to 37°C before addition of the enzymes. The reactions were rapidly quenched using stop solution and kept on ice. The gels were stained with ethidium bromide (EtBr) (0.5 g/mL) and the amount of supercoiled monomer DNA band fluorescence was quantified by integration using Gel Doc 2000 under UV illumination (Bio-Rad Quantity One Software).
